Some data cannot be shared publicly because of the confidential nature (i.e. surnames). The IRB/ Ethics committee imposing data sharing restrictions is The Medical Ethics Review Committee (MERC).These data are available upon request at the Erasmus Medical Center Clinical trial bureau of the radiology department (contact via <imaging.trialbureau@erasmusmc.nl>) for researchers who meet the criteria for access to confidential data

Introduction {#sec005}
============

Clinical autopsy rates have dropped considerably over the previous decades. \[[@pone.0232944.ref001]--[@pone.0232944.ref006]\] Improvements in imaging techniques in living patients may have led to the belief that autopsies hardly add to the information acquired prior to death. \[[@pone.0232944.ref007]\] However, despite improved diagnostics, autopsies still provide valuable feedback on diagnoses and treatment, and accurate statistics on causes of death. \[[@pone.0232944.ref008]\] Moreover, they are useful for healthcare policymaking, education and research purposes. \[[@pone.0232944.ref003], [@pone.0232944.ref009]--[@pone.0232944.ref011]\]

The low consent rate of next-of-kin for the autopsy is one of the reasons for the decline in clinical autopsy rates. Therefore, strategies to improve the consent rates are under investigation: improved availability of modern imaging techniques has led to the development of imaging-based autopsy techniques. Such methods can be non-invasive or minimally invasive \[[@pone.0232944.ref012]\]; in our hospital we introduced and validated a minimally invasive autopsy, consisting of postmortem CT, MRI and CT-guided biopsies. \[[@pone.0232944.ref008]\]

The aim of the present study was to determine the overall autopsy rate (minimally invasive autopsy and conventional autopsy) on adult deceased patients in our hospital over the years 2010--2019 and to investigate whether the introduction of the minimally invasive autopsy led to an increase in overall autopsy rate. A subgroup analysis was performed comparing a group of western-European ethnicity with a group of other ethnicities. Furthermore, we used a questionnaire to investigate the motivations of doctors and next-of-kin in the consent process for postmortem investigation.

Materials and methods {#sec006}
=====================

Setting and design {#sec007}
------------------

This study was performed at the Erasmus University Medical Center in Rotterdam, the largest academic hospital in the Netherlands. The design was a prospective before-after study whereby additional data was collected retrospectively. The intervention was the introduction of the minimally invasive autopsy as an alternative to conventional autopsy. The study was approved by the Erasmus University Medical Center Medical Ethical Committee (file number MEC-2011-055). The institutional review board approved the study prior to data collection. All adult patients who had died in-hospital were included.

Autopsy procedures {#sec008}
------------------

Conventional autopsy and minimally invasive autopsy were both available from Monday to Friday. Only 1 minimally invasive autopsy per day was possible, due to limited scanner availability. When multiple minimally invasive autopsy procedures were requested on the same day, requests would be processed in the order they were received: if next-of-kin agreed, a procedure would be postponed until the next available day.

Minimally invasive autopsy procedure {#sec009}
------------------------------------

A minimally invasive autopsy consisted of MRI of the head and torso, full-body CT scan and CT-guided biopsies of organs (heart, lungs, liver, kidneys and spleen) and additional biopsies of abnormal / pathological lesions detected on imaging. The main difference between the conventional autopsy and the minimally invasive autopsy is that minimally invasive autopsy leaves the body intact, whereas conventional autopsy is an invasive procedure where the body is opened with a Y-incision and the organs are subsequently removed and dissected. More details about the minimally invasive autopsy procedure, including CT and MRI protocols are described in previous articles. \[[@pone.0232944.ref008], [@pone.0232944.ref013]--[@pone.0232944.ref015]\]

Conventional autopsy procedure {#sec010}
------------------------------

The conventional autopsy was performed according to standard department protocol: the body was opened with a Y-incision and the thoracic cavity opened with a rib-cutter. Organs were eviscerated by the mortuary assistant and dissected by a resident in pathology, supervised by a certified pathologist. \[[@pone.0232944.ref008]\]

Primary outcome {#sec011}
---------------

The primary outcome measure was the effect of minimally invasive autopsy on the overall autopsy rate, the term we will use from here on to describe the combined autopsy rates of conventional autopsy and minimally invasive autopsy.

Consent for both autopsy procedures was requested by the treating physicians. Before the actual introduction of the minimally invasive autopsy, all clinical wards were educated about the new autopsy method.

Secondary outcome {#sec012}
-----------------

As a secondary outcome we investigated the motivations of next-of-kin for consenting to or refusing an autopsy, and of doctors to not ask for permission. We distributed the questionnaires to the doctors who were involved in the consent process, since they would be informed about the motivations of next-of-kin when discussing the possibility of autopsy after a patient had passed away. Questionnaires were distributed from September 2016---December 2017.

Data analysis {#sec013}
-------------

Because we expected that the autopsy rates would decline during the study period we performed a linear regression analysis to calculate the effect of time and availability of minimally invasive autopsy on overall autopsy rate. The independent variables were time in months since the start of the study and the availability of minimally invasive autopsy as a standalone postmortem investigation.

We performed a subgroup analysis among people of western-European ethnicity versus people of other ethnical backgrounds. We calculated the overall autopsy rates of both groups and performed an independent T-test in order to test for significance.

To determine the ethnicity, we used a two-stage classification process. In the first stage, the predicted probabilities of a supervised machine-learning algorithm were used to distinguish between classifications with high and low certainty. For this stage, we used a random forest classifier (method ranger in the R package caret). To train and test the classifier, we used data from a questionnaire in which the next-of-kin were asked to provide the ethnic background of the deceased. \[[@pone.0232944.ref007], [@pone.0232944.ref008]\] The total set consisted of 2,083 cases, which were split in a training set (80%) and a test set (20%). As features we used character n-grams (with n = 2, 3, and 4) of the last names and, if available, of the first names. Each case was labelled as having either a western-European or other ethnic background. Henceforth we will refer to this latter group as 'other' ethnicities. The training set was used to develop the classifier; the test set was only used for performance evaluation. Performance measures were the area under the receiver operating characteristic curve (AUROC), negative predictive value (proportion of correctly predicted western-European cases), and positive predictive value (proportion of correctly predicted cases of 'other' ethnicity). \[[@pone.0232944.ref016]--[@pone.0232944.ref018]\] In the second stage, the classifications with low certainty were manually validated, in cases of doubt the Dutch surname database was consulted (<https://www.cbgfamilienamen.nl/nfb/>). For the manual classification, the group allocation (intervention vs. non-intervention) was unknown to the observer (IMW).

Results {#sec014}
=======

Acceptance {#sec015}
----------

Autopsy rates declined from 14.0% in 2010 to 8.3% in 2019. The annual autopsy rates of the years 2010--2019 are shown in [Fig 1](#pone.0232944.g001){ref-type="fig"}.

![Autopsy rates 2010--2019.\
The overall autopsy rate consists of the combination of the autopsy rates of conventional autopsy and minimally invasive autopsy. The blue dashed line represents the return of the autopsy rate to the trendline after the minimally invasive autopsy was no longer available in our hospital.](pone.0232944.g001){#pone.0232944.g001}

In the 'intervention' period (when minimally invasive autopsy was available) from October 2016 through December 2017, 1056 adult patients died and permission for postmortem diagnostics was given in 133 cases (12.6%): 87 underwent conventional autopsy (8.2%) and 46 minimally invasive autopsy (4.4%).

The linear regression model showed a significant effect on the overall autopsy rate of both time and availability of minimally invasive autopsy. The predicted autopsy rate in the model started at 15.1% in September 2010 and dropped approximately 0.1% per month (β = -0.001, p \< 0.001) and minimally invasive autopsy availability increased the overall autopsy rate by 2.4% (β = 0.024, p \< 0.001).

Prediction of ethnicity {#sec016}
-----------------------

We used 5-fold cross-validation to train the random forest classifier on the training set. On the test set, this classifier obtained an area under the receiver operating characteristic curve of 0.91, showing good performance. We empirically set probability thresholds to distinguish between high and low confidence classifications. Names with a predicted probability lower than 0.50 were labeled as 'other' ethnicity (this threshold yielded a positive predictive value of 1 on the test set), and names with a predicted probability greater than 0.82 were labeled as western-European (yielding a negative predictive value of 0.95 on the test set). Cases with a probability between 0.50 and 0.82 were manually validated, using the Dutch surnames database. Of the cases from 2010--2019 which were not part of the learning dataset (n = 4764), 1548 cases had a probability between 0.5 and 0.82; 733 (47.4%) of these were manually scored as western-European. In the total cohort, 82.8% (5736/6928) were classified as western-European.

Effect of ethnic background on acceptance {#sec017}
-----------------------------------------

The autopsy rates of western-Europeans and 'other' ethnicities in the different cohorts is detailed in [Table 1](#pone.0232944.t001){ref-type="table"}. In the years when minimally invasive autopsy was not available, western-Europeans had a significantly higher autopsy rate than 'other' ethnicities (629/4858 = 12.9% vs. 82/1014 = 8.0%, p\<0.001). When minimally invasive autopsy was available the overall autopsy rate was nearly the same for western-Europeans and 'other' ethnicities (111/880 = 12.6% vs. 22/176 = 12.5%, p = 0.97). The overall autopsy rate among 'other' ethnicities was significantly higher in the years when minimally invasive autopsy was available compared to the years when it was not (22/176 = 12.5% vs. 81/1014 = 8.0%, p = 0.049).

10.1371/journal.pone.0232944.t001

###### Autopsy rates of western-European vs 'other' ethnicities.

![](pone.0232944.t001){#pone.0232944.t001g}

  ***Time period***                                                        **Available procedures**   **n**                                     **western-European**   **'other' ethnicities**   **Overall autopsy rate**   **western-European vs 'other' ethnicities**
  ------------------------------------------------------------------------ -------------------------- ------- --------------------------------- ---------------------- ------------------------- -------------------------- ---------------------------------------------
  *Pre-intervention (Jan*. *2010---Sept*. *2016)*                          CA only                    4679    CA rate                           538/3875 (13.9%)       71/804 (8.8%)             609/4679 (13.0%)           p\>0.001
  *Post-intervention (Jan*. *2018- Mar*. *2019)*                           CA only                    1193    CA rate                           90/982 (9.2%)          11/211 (5.2%)             101/1193 (8.5%)            p = 0.061
  *Total non-intervention (2010--2019*, *excluding intervention period)*   CA only                    5872    CA rate                           **629/4858 (12.9%)**   **81/1014 (8.0%)**        **710/5872 (12.1%)**       p\>0.001
  *Intervention (Oct*. *2016---Dec*. *2017)*                               MIA + CA                   1056    MIA rate                          37/880 (4.2%)          9/176 (5.1%)              46/1056 (4.4%)             p = 0.59
                                                                           MIA + CA                   1056    CA rate                           74/880 (8.4%)          13/176 (7.4%)             87/1056 (8.2%)             p = 0.45
                                                                           MIA + CA                   1056    Overall autopsy rate (MIA + CA)   **111/880 (12.6%)**    **22/176 (12.5%)**        **133/1056 (12.6%)**       p = 0.97
  Comparison of overall autopsy rate: intervention vs. non intervention                                                                         p = 0.79               p = 0.049                 p = 0.65                   

Questionnaires {#sec018}
--------------

Questionnaires were distributed from September 2016 to December 2017. 505 out of 1123 (45.9%) questionnaires were returned. In the group that refused conventional autopsy or minimally invasive autopsy 413/988 (41.8%) questionnaires were returned, and in the group that gave permission 92/135 (68.1%) questionnaires were returned. In the group that gave permission for minimally invasive autopsy 40/46 (87.0%) of questionnaires were returned and in the group that gave permission for conventional autopsy 55/92 (59.8%) questionnaires were returned.

In 436/505 (86.3%) cases the doctors involved in the consent process declared that they had requested permission for autopsy. Doctors' reasons not to ask for permission are listed in [Table 2](#pone.0232944.t002){ref-type="table"}, the most frequently reported reason was "the cause of death is already known" 32/69 (46.4%).

10.1371/journal.pone.0232944.t002

###### Reasons why doctors did not ask for permission.

![](pone.0232944.t002){#pone.0232944.t002g}

  Motivation                                                             Frequency
  ---------------------------------------------------------------------- ---------------
  The cause of death is already known                                    32/69 (46.4%)
  The next-of-kin had already consented to an organ donation procedure   9/69 (13%)
  Perceived uncomfortable situation                                      7/69 (10%)
  No family present to ask permission                                    6/69 (9%)
  Doctor thought an autopsy would be too much to ask                     6/69 (9%)

Reasons of next-of-kin for giving or denying consent for postmortem diagnostics are listed in Tables [3](#pone.0232944.t003){ref-type="table"} and [4](#pone.0232944.t004){ref-type="table"}.

10.1371/journal.pone.0232944.t003

###### Reasons of next-of-kin for giving consent.

![](pone.0232944.t003){#pone.0232944.t003g}

  Motivation                                                            Frequency
  --------------------------------------------------------------------- ---------------
  To find out the cause of death                                        65/92 (70.7%)
  Wanting to know the severity of disease                               17/92 (18.5%)
  Cater to treating doctor's request                                    16/92 (17.4%)
  Testing for hereditary disorders                                      13/92 (14.1%)
  Testing for presence of diseases, not related to the cause of death   10/92 (10.7%)
  Contribute to scientific research and/or medical knowledge            7/92 (7.6%)
  Other reasons                                                         4/92 (4.3%)

10.1371/journal.pone.0232944.t004

###### Reasons of next-of-kin for denying consent[\*](#t004fn001){ref-type="table-fn"}.

![](pone.0232944.t004){#pone.0232944.t004g}

  Motivation                                             Frequency
  ------------------------------------------------------ -----------------
  The cause of death is already known                    166/339 (49.0%)
  Long illness, "the deceased has suffered enough"       77/339 (22.7%)
  Religious motivation                                   35/339 (10.3%)
  Autopsy is considered too invasive, scary or macabre   35/339 (10.3%)
  Autopsy would take too long                            8/339 (2.4%)
  Already consented to donation procedure                7/339 (2.1%)
  No reason given                                        24/339 (7.1%)

\* this category also contains answers from next-of-kin who gave consent for one of the autopsy methods, but nevertheless gave objections against postmortem diagnostics.

The reasons for consenting to an autopsy procedure mostly overlapped for both conventional autopsy and minimally invasive autopsy. One exception was that people consenting to minimally invasive autopsy did so more often "to contribute to research and/or contribute to medical knowledge" than those consenting to conventional autopsy (5/46 = 10.9% vs. 2/99 = 2.0%, p = 0.02).

Discussion {#sec019}
==========

To the best of our knowledge this is the only study in which acceptance of MIA and CA was prospectively investigated. The outcome is consistent with the results of a questionnaire-study by Rutty et al., which addressed the acceptance of post-mortem CT-scanning compared to invasive autopsy. \[[@pone.0232944.ref019]\] Although of limited relevance for our study, it nonetheless demonstrates that the public overwhelmingly preferred CT-scanning over the conventional autopsy as method for post-mortem investigation in accordance with intuitive expectation.

In this study we investigated if the introduction of a minimally invasive autopsy, consisting of CT, MRI and tissue biopsies, would increase the overall autopsy rate (combined rate for conventional autopsy and minimally invasive autopsy). We found that the introduction of minimally invasive autopsy had a small, but significant effect on the overall autopsy rate. This is important information in view of the decline in autopsy rates, which is observed worldwide since approximately 1950. In our hospital we saw a further decrease in autopsy rate of approximately 0.1% per month since the start of our study. \[[@pone.0232944.ref020]\]

The measured effect (2.4%) that minimally invasive autopsy had on the autopsy rate was smaller than we had expected. The reason for this is unclear: perhaps the invasiveness of the procedure isn't as important a motivation to deny consent for the next-of-kin. Alternatively, minimally invasive autopsy, using biopsies, might still be considered too invasive; or maybe any additional procedures performed on the deceased's body are considered macabre or scary. Another reason might be that low autopsy rates are attributable to a low request rate \[[@pone.0232944.ref021]\]. In our hospital request rates are reported to be very high, but these rates are self-reported by doctors and the real request rate might be lower than what is reported. Finally, the doctors may have requested an autopsy, but at the same time conveyed their own conviction that it was not necessary because it would not yield more information than already available. The similar percentages of doctors and next-of-kin reporting 'cause of death already know' as reason for respectively not asking for, and not consenting to post-mortem investigation, supports this contention.

An important reason why we introduced the minimally invasive autopsy in our hospital is that the population of Rotterdam, where this study was carried out, consists for a large part of non-western immigrants (around 38% in 2018). Although most religions do not outrightly prohibit autopsy, in many religious groups some inhibitions against postmortem investigations are present. \[[@pone.0232944.ref022]--[@pone.0232944.ref024]\] In the years when minimally invasive autopsy was not available as a stand-alone postmortem investigation we observed that the autopsy rate in people of ethnicities other than western-European was significantly lower than in people with a western-European ethnicity. When minimally invasive autopsy was available, the overall autopsy rate was the same for non- western-Europeans and 'other' ethnicities (12.6% and 12.5% respectively), and the overall autopsy rate among 'other' ethnicities was significantly higher than the autopsy rate in the years without minimally invasive autopsy (12.5% vs 8.0%, p = 0.049). This strongly suggests that minimally invasive autopsy is indeed more acceptable to people with an ethnicity other than western-European.

The main motivation for next-of-kin to withhold consent for autopsy was the assumption that the cause of death was already known, and no important questions remained to be answered. This is in line with our earlier questionnaire study. \[[@pone.0232944.ref007]\] It should be noted here that autopsy results differ from the presumed cause of death before autopsy in a substantial percentage of cases. Interestingly the invasiveness of the procedure was not often mentioned as motivation against postmortem diagnostics. This might suggest that the invasiveness is not a big factor in the declining autopsy rates, contrary to what is often believed. This could be part of the reason why the postmortem consent rate of western-Europeans was not higher when minimally invasive autopsy was available.

In a study by Cox et al. the authors achieved a substantial increase in autopsy rates (from 5% to 38%). They attributed this increase in autopsy rates mainly to the study setting, which resulted in improved logistics of the consent process and a big increase in the request rate of doctors. Both factors did not play a big role in our study. We did not make major changes to the logistics of the consent process and the logistics of conventional autopsy stayed the same. The autopsy request rate in our hospital was already reported to be high before the introduction of minimally invasive autopsy. Furthermore, in some cases of the study by Cox et al. a member of the research team asked for consent. \[[@pone.0232944.ref025]\] It has also been suggested that pathologists should personally ask next-of-kin for permission, because they are most informed about the different procedures and can most adequately answer any questions the next-of-kin might have. \[[@pone.0232944.ref026]\] In our study, however, the treating physician always requested consent. We educated the doctors about the method, prior to introducing the minimally invasive autopsy hospital wide. For further questions during the study period, a researcher would be available by phone at any time. Apart from that, there was limited direct involvement of the research team in the day-to-day consent process. We think that success like that of Cox et al. and a similar increase in consent rates requires a dedicated team in each hospital with in-depth knowledge of all available postmortem diagnostic methods and all involved logistics. Members of this team could assist doctors in the consent process, or even request consent from next-of-kin in person, preferably with the treating physician present.

In studies performed in Sweden attitudes towards autopsy, organ donation and dissection (donation of the body for scientific purposes) were evaluated. Interestingly the authors found that at the time of the interview Swedes were much more positive about autopsy than they were about organ donation. \[[@pone.0232944.ref027], [@pone.0232944.ref028]\] This is in stark contrast with the current situation in the Netherlands and other western countries, where the autopsy rates are often below 10%, while registered organ donation is much more common (42% in 2018 in the Netherlands). \[[@pone.0232944.ref029]\] In new legislation, which will be implemented in 2020, all adults in the Netherlands are registered as an organ donor unless consent is specifically denied.

Another factor that can influence autopsy rate is the quality of the autopsy perceived by the doctors who request autopsy. It is necessary to facilitate close collaboration between clinicians and the autopsy team. This includes ensuring good communication beforehand about what can be expected of the autopsy and clear and timely information about the autopsy results afterwards. Furthermore, there must be clarity about the financial aspects of autopsies: clinicians should not have to fear that a high autopsy rate will lead to a high fee for their department. In general, an increase in autopsy rates will only be achieved if there is a positive attitude towards the autopsy among clinicians, pathologists and other involved parties. \[[@pone.0232944.ref030]--[@pone.0232944.ref032]\]

Limitations {#sec020}
-----------

A limitation of our study was a relatively low response rate to the questionnaires. In our experience making the questionnaires obligatory for doctors to fill in after death makes the quality of the responses worse. By making it optional the doctors and families with a more positive attitude towards autopsy are more inclined to respond to the questionnaire which may lead to a bias in the answers. Another limitation was that we asked the treating physician about the motivation of the next-of-kin, because we considered it unethical to ask the bereaved family directly after their loss. This way the motivation of the next-of-kin was investigated indirectly, through the treating clinician.

In this study all ethnicities which were not classified as western-European are classified in the category "other" ethnicities. The distinction between western-European ethnicity and all 'other' ethnicities is very broad and possibly semantically confusing. The western-European group does not include people from southern-, northern- and eastern-Europe and the USA, which are also considered as "western" in the common use of the word. Unfortunately, the group of other ethnicities was relatively small (less than 20% of the total cohort), therefore further subdividing that group resulted in low receiver operating characteristic curves for the supervised machine-learning algorithm. The Dutch surname database, used for the manual validation, contains the frequency of occurrence of surnames in 1947 and 2007. Most cases with an 'other' ethnicity were migrant workers who moved to the Netherlands after the second world war. This corresponds with the data from the Personal Records Database from the municipality of Rotterdam: over 50% of the population has a migration background, and within this group roughly 75% has a non-western background.

Information about the minimally invasive autopsy was distributed at the start of the cohort. Doctors in our hospital were already familiar with the procedure, because it had already been validated in the years prior to this cohort. Nevertheless, in a hospital environment with constant changes in personnel, the familiarity with minimally invasive autopsy and the ins-and-outs of this new procedure were suboptimal. We feel that, for a reliable measurement of the effect of minimally invasive autopsy on the overall autopsy rate, a longer period of inclusion is necessary, so that doctors and the public become more familiar with the procedure. In this light, the results from our current cohort should be seen as a baseline measurement for our hospital and comparable hospitals.

Recommendations {#sec021}
---------------

We recommend that MIA should be offered in populations with a high proportion having a non-Western background, and in countries where the autopsy meets a great deal of objection, like in Islamic countries. We also recommend that MIA is carried out in specialized centers because of the expertise it requires on the part of radiologists and pathologists to take and interpret the image-guided biopsies, and the costliness of equipment (CT and MRI).

Conclusion {#sec022}
==========

In this study we investigated if the introduction of a minimally invasive autopsy consisting of CT, MRI and biopsies would lead to an increase in the overall autopsy rate (conventional autopsy and minimally invasive autopsy). We found that the introduction of minimally invasive autopsy had a small, but significant effect on the autopsy rate. Furthermore, the minimally invasive autopsy appears to be more acceptable than conventional autopsy among people with an ethnicity other than western-European.

10.1371/journal.pone.0232944.r001
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9\. It would be good if you can highlight some policy implications for this study.

10\. I have not commented on the results section and stats

Reviewer \#2: It is a well written manuscript with sound statistical analysis. Just one suggestion to use word \"Acceptance\" in title of the paper

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Anam Feroz

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer \#1:

1\. I think there is a need to revise the title. Currently, the title is little long.

Answer:

We changed the title to: 'Effect of minimally invasive autopsy and ethnic background on acceptance of clinical postmortem investigation in adults'

2\. In objectives (abstract section), you have not highlighted that you are also measuring the consent rates among different ethnicity. You might want to add that..

Answer:

Added this to the objectives section in the abstract.

3\. In introduction section line no. 56, you have used the phrase\" determining acceptance rates\'; you can think of using this in your title. Whatever you choose to write; you should remain consistent.

Answer:

We use the word 'acceptance' in the new title. Where possible we changed the wording in the text to 'acceptance' instead of consent rate, however, the word acceptance has a broader meaning than just consent, therefore we use the word 'consent' for the situation of giving specific consent for the procedure and the word 'acceptance' for the values and opinions of next-of-kin with regards to postmortem diagnostics that lead to consenting to postmortem investigation.

Since in our study postmortem investigation was always carried out when consent was given, the terms 'consent rate' and 'autopsy rate' are interchangeable in terms of numbers. Therefore, we now consistently use the term 'autopsy rate' instead of 'consent rate' (where appropriate), in our methods, results and discussion section, because this term is most commonly used in the literature. Whenever we use the term 'overall autopsy rate' it includes conventional- and minimally invasive autopsy.

4\. In introduction section; line no 60-62; you have added one more objective. This is not stated in your title and abstract. You might want to add it there too

Answer:

We added the objective to measure consent rate among different ethnicities in the objectives in the abstract. The questionnaires were only carried out as a secondary analysis and therefore we did not add those results to the abstract, to limit the amount of words in the abstract and to focus on the main objectives and results.

5.I think the description of MIA and conventional autopsy can be moved to introduction section from the methods section.

Result:

We feel that the description of the conventional autopsy and minimally invasive autopsy belongs in the methods section. A very concise description of the minimally invasive autopsy is already present in the introduction section.

6.I think in methods section, you should have the heading of primary and secondary outcomes; instead of acceptance and questionnaires

Answer:

We changed the headings in the methods section according to the suggestions of the reviewer.

7\. Also, I think you should talk about the procedures in detail. How this was done. Method section needs more clarity.

Answer:

We made the choice to keep the procedure details about the different methods of the conventional autopsy and minimally invasive autopsy concise, because these are not relevant to the current study. In response to the reviewer, we added a line in the methods section that explains the main difference between the minimally invasive autopsy and the conventional autopsy. Any additional information can be found in the quoted previously published articles (among them publications in Plos One) if the reader is interested, but these details are not necessary for understanding our study or replicating the results.

8\. I believe the discussion section needs some more work; in terms of comparing and contrasting similar studies that have been conducted on this domain.

Anwer: To the best of our knowledge this is the only study in which acceptance of MIA and CA was prospectively investigated. The outcome is consistent with the results of a questionnaire-study by Rutty et al. (J Forensic Legal Med 2011), which addressed the acceptance of post-mortem CT-scanning compared to invasive autopsy. Although only partially relevant for our study, it nonetheless demonstrates that the public overwhelmingly preferred CT-scanning over the conventional autopsy as method for post-mortem investigation in accordance with intuition. We added a paragraph at the start of the discussion about the comparison with the available literature.

9\. It would be good if you can highlight some policy implications for this study.

Answer: There is consensus that autopsies are important for reliable health statistics for health care policymaking. In populations with a substantial proportion having a non-Western background the data will be biased towards the Western population to the disadvantage of the non-Western part. A way of addressing this problem is to apply autopsy techniques that are acceptable to both groups. Our study shows that with the MIA applied here the autopsy rates among Western and non-Western people are similar. We recommend that MIA should be offered in populations with a high proportion having a non-Western background, and in countries where the autopsy meets a great deal of objection, like in Islamic countries. We also recommend that MIA is carried out in specialized centers because of the expertise it requires on the part of radiologists and pathologists to take and interpret the image-guided biopsies, and the costliness of equipment (CT and MRI). We added a paragraph at the end of our discussion section with policy implications.

10\. I have not commented on the results section and stats

Reviewer \#2: It is a well written manuscript with sound statistical analysis. Just one suggestion to use word \"Acceptance\" in title of the paper

Answer:

We changed the title to:

'Effect of minimally invasive autopsy and ethnic background on acceptance of clinical postmortem investigation in adults'
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Dear Dr. Wagensveld,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Mateusz K. Holda, MD, PhD, DSc

Academic Editor

PLOS ONE
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Effect of minimally invasive autopsy and ethnic background on acceptance of clinical postmortem investigation in adults

Dear Dr. Wagensveld:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Mateusz K. Holda

Academic Editor

PLOS ONE
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